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THE  DESTRUCTION  OF  FLEAS  BY  EXPOSURE 

TO  THE  SUN. 


INTRODUCTORY. 

THERE  can  be  no  doubt  that  plague  is  frequently  carried  from  one 
locality  to  another  by  means  of  clothing  and  baggage  which  contain 
infected  fleas,  and  it  follows  that  any  means  by  which  such  clothing  can  be 
rendered  rapidly  and  eiiectually  flea-free  Avill  be  of  considerable  value  in 
preventing  the  spread  of  the  disease. 

There  is  unfortunately  considerable  difficulty  in  obtaining  an  insecticide 
thoroughly  suited  to  this  purpose. 

Plague  is  now  so  universal  in  India  that  the  disinfection  of  the  clothing  of 
new  arrivals  should  be  carried  out  as  a  routine  measure  in  every  small  town  and 
village.  This,  however,  would  entail  an  amount  of  work  which  would  be  al- 
together impracticable  unless  it  were  carried  out  by  the  people  themselves. 

A  means  of  disinfection  is,  therefore,  required  which  is  of  a  simple  and 
harmless  nature,  and  can  be  used  in  all  parts  of  the  country  without  causing 
much  expenditure.  It  is  safe  to  say  that  no  efficient  disinfectant  has  yet  been 
•discovered  which  combines  all  these  necessary  qualifications. 

In  India,  however,  Avhere  the  seasons  are  regular  and  where  there  is  con- 
tinuous sunshine  for  the  greater  part  of  the  year,  the  sun  has  been  employed 
as  an  agent  in  this  matter. 

Exact  experiments  to  test  the  value  of  the  sun  as  an  agent  by  means  of 
-which  "  soiled  clothing "  could  be  freed  from  fleas  were  first  initiated  by 
Lieut.- Colonel  Bannerman,  I. M.S.,  and  in  the  report  of  the  Bombay  Bacterio- 
logical Laboratory  for  the  year  1907  the  results  of  the  experiments  carried  out 
under  his  dirction  were  detailed.  These  experiments  showed  that  an  exposure 
of  three  hours  is  sufficient  to  remove  all  the  fleas  from  infested  rags. 

As  these  first  experiments  were  undertaken  to  see  if  rags  intended  for 
•export  could  in  this  way  be  rendered  safe  the  ultimate  fate  of  the  fleas  was  not 
at  that  time  investigated,  and  it  was  thought  that  these  might  survive  by 
sheltering  under  grass  and  leaves. 

The  Government  of  India  having  subsequently  (Home  Department  Noti- 
fication No.  1822,  dated  10th  August  1908)  removed  the  restriction  against  the 
•export  of  rags,  etc.,  from  infected  localities,  further  experiments  were  not 
made.  The  subject  was  again  taken  up  when,  as  a  result  of  the  work  of  the 
Plague  Commission,  it  became  clear  that  there  was  real  danger  of  importation 
•of  plague  by  fleas  in  travellers'  clothes  or  baggage.    It  then  became  important 
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to  find  out  some  cheap  and  simple  method  of  ridding  these  articles  of  fleas 
and,  at  the  suggestion  of  Colonel  Bamber,  I.M.S.,  then  acting  Sanitary  Com- 
missioner with  the  Government  of  India,  various  reputed  powders  were  tried. 
Of  these,  the  only  one  at  all  successful  was  Naphthaline  powder,  but  this  acted 
very  slowly  requiring  6^  hours  to  kill  fleas  in  a  closed  space  and  9  hours  in  the 
open  air  {vide  Annual  lleport  of  the  Bombay  Bacteriological  Laboratory  for 
1909).  It  was,  therefore,  out  of  the  question  as  a  pulicide  for  use  by  villagers, 
who  would  require  something  cheap  and  of  speedy  action. 

It  was  then  that,  on  the  suggestion  of  Colonel  Hannerman,  I.  M.S.,  the 
1907  experiments  were  repeated  and  extended,  as  detailed  in  the  following 
report. 

Before  passing  on  to  a  description  of  these  experiments,  however,  it  will  be 
necessary  to  enquire  into  the  various  factors  which  influence  the  power  of  the 
sun,  because  any  changes  of  this  kind  which  occur  must  necessarily  alter  its 
value  as  an  insecticide.  Sunlight  and  heat  are  generally  believed  to  be  the 
chief  agents  in  the  natural  disinfection  which  is  continually  being  carried  on, 
and  we  may  assume  for  the  present  that  these  two  factors  are  responsible  for 
the  sun's  action  on  flea-infested  clothing. 

Now  the  amount  of  light  and  heat  which  reach  the  earth  are  not  always  * 
the  same,  but  are  liable  to  changes,  which  are  due  to  differences  of  geographi- 
cal position,  the  season  of  the  year  and  also  certain  atmospheric  conditions. 

As  a  rule  the  light  is  not  affected  to  the  same  extent  as  the  temperature, 
in  fact  there  may  be  actually  no  change  in  the  former,  while  the  difference  in 
the  latter  is  very  considerable. 

Tor  instance,  if  we  examine  the  changes  which  are  due  to  geograj)hical 
position,  we  find  that  the  amount  of  light  in  different  parts  of  India  is  more  or 
less  constant,  while  the  temperature  varies  very  considerably  according  to  the 
latitude. 

The  changes  which  are  due  to  the  season  of  the  year  and  time  of  day 
require  no  explanation.    Everyone  knows  that  the  sun  is  more  j)owerful  in  the 
hot  than  the  cold  weather  and  that  the  hours  about  noon  are  as  a  rule  hotter 
and  brighter  than  any  other  part  of  the  day.   I'hese  changes  are  fairly  constant 
from  year  to  year  and  day  to  day. 

Lastly,  the  changes  which  are  due  to  atmospheric  conditions  remain  to  be 
considered.  The  most  common  cause  of  these  in  India  is  the  wind,  which  is 
capable  of  altering  the  temperature  of  the  ground  according  to  changes  in  its 
direction  and  velocity.  At  certain  times  of  the  year  too,  small  clouds  which 
pass  over  the  sun  without  actually  producing  rain  diminish  to  a  certain  extent 
the  amount  of  light  and  heat  Avhicli  reach  the  ear.th. 
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These  changes  are  not  very  great  throughout  the  greater  part  of  the  year 
but  they  are  extremely  irregular  because  the  atmospheric  conditions  which 
jjroduce  them  are  hardly  ever  the  same  for  any  length  of  time.  It  is  clear, 
therefore,  that  the  power  of  the  sun  is  constantly  varying  within  certain  limits, 
and  it  is  necessary  that  the  conditions  which  produce  these  changes  should  be 
considered  and  carefully  recorded  in  any  experiments  which  are  carried  out  to 
test  the  value  of  the  sun  as  a  disinfectant.  The  experiments  which  were  per- 
formed with  this  object  consisted  in  exposing  flea-infested  clothing  to  the  sun 
under  different  conditions.  They  were  carried  out  in  the  grounds  of  the 
Bombay  Bacteriological  Laboratory  between  the  months  of  December  and 
June.  This  period  of  the  year  in  Bombay  corresponds  to  the  latter  half  of  the 
cold  and  the  whole  of  the  hot  weather.  The  sun  was,  therefore,  gradually  in- 
creasing in  power  during  the  greater  part  of  the  time  that  the  experiments 
were  proceeding.  The  total  change  of  power  which  occurred  in  this  way,  how- 
ever, was  not  so  great  as  it  would  have  been  in  some  other  j)arts  of  the  country. 

The  time  of  day  at  which  the  exposures  were  made  depended  upon  the 
strength  of  sun  required.  The  experiments  which  tested  its  full  j^ower  were 
carried  out  about  midday,  but  when  lower  temperatures  were  required  the 
exposures  Avere  made  earlier  in  the  morning.  The  presence  of  any  wind  or 
clouds  was  also  noted,  but  in  the  majority  of  experiments  these  conditions  did 
not  affect  the  results  to  any  appreciable  extent. 

The  experiments  were  carried  out  : — 

(1)  In  large  tin  trays,  specially  designed,  so  that  the  movements  of  the 

fleas  could  be  watched  throughout  the  experiment. 

(2)  On  a  piece  oE  ground  which  was  prepared  after  experience  gained  in 

the  tray  experiments. 

The  trays  were  made  from  sheets  of  tin  rivetted  together ;  they  measured 
4  feet  broad  by  4i  feet  6  inches  long.  Their  sides  were  4  inches  high  and  stood 
at  right  angles  to  the  bottom.  The  upper  l)orders  of  these  were  turned  over  on 
themselves  towards  the  centre  of  the  tray  so  as  to  prevent  the  escape  of  any 
fleas  which  succeaded  in  jumping  to  the  top  of  the  sides.  The  floor  was  covered 
with  linoleum  which  was  coloured  so  as  to  imitate  the  ground  as  closely  as 
possible.  Any  crevices  or  cracks  which  existed  between  the  tin  and  the 
linoleum  were  filled  up  with  putty  so  as  to  prevent  them  being  used  by  the 
fleas  as  a  shelter  against  the  sun.  The  covering  of  linoleum  was  necessary 
owing  to  the  uncovered  tin  becoming  so  hot  when  exposed  to  the  sun,  that  the 
fleas  were  scorched  and  died  almost  instantly  when  placed  on  it. 

The  description  of  the  piece  of  ground  used  for  the  second  series  of  experi- 
ments will  be  better  understood  if  it  is  given  immediately  before  the  account  of 
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the  experiments  themselves.  The  fleas  used  for  the  experiments  were  rat-fleas^ 
which  had  been  removed  a  short  time  previously  from  Bombay  rats.  A  large 
number  of  these  rats  are  brought  to  the  laboratory  daily  throughout  the  year,- 
so  that  the  vitality  of  the  fleas  was  assured. 

Dhurries  (cotton  carpets)  were  used  in  the  majority  of  cases  to  represent 
the  native  clothing.  These  were  selected  because  they  are  thicker  and  more 
closely  woven  than  any  other  kind  of  material  found  in  native  baggage,  and  for 
this  reason  would  be  more  likely  to  resist  the  rays  of  the  sun.  While  the 
experiments  were  in  progress,  it  was  suggested  that  padded  clothing,  such  as- 
resais  (bed  quilts)  and  quilted  coats,  might  also  require  disinfection,  so  that 
certain  of  the  experiments  were  repeated  to  test  the  action  of  the  sun  on  this 
type  of  clothing  also. 

An  indication  of  the  power  of  the  sun  was  obtained  by  taking  the 
temperature  on  the  upper  and  under  surfaces  of  the  clothing.  The  thermo- 
meters were  watched  carefully  during  the  experiments,  and  in  those  cases  in 
which  the  temperature  throughout  the  exposure  remained  within  certain  limits 
.the  reading  which  was  made  at  the  end  of  the  experiments  was  the  only  one- 
recorded.  In  some  of  the  later  experiments,  which  were  carried  out  a  short 
time  before  the  monsoon  arrived,  the  sun  was  repeatedly  overclouderl  during 
each  exposure,  and  a  more  complete  record  of  the  variations  in  temperature 
had  therefore  to  be  kept.  All  the  readings  have  been  made  according  to  the 
Pahrenheit  scale. 

The  report  has,  for  convenience,  been  divided  into  four  parts.  The  first  of 
these  deals  with  the  action  of  the  sun  on  fleas  in  clothing,  and  the  fate  of  these 
insects  when  they  have  left  the  clothes.  The  second  describes  the  experiments 
undertaken  to  devise  a  method  by  means  of  which  the  sun  can  be  used  to  the 
best  advantage  as  a  disinfectant  for  flea-infested  clothing.  The  third  deals 
with  the  experiments  which  were  carried  out  with  the  resais.  Lastly,  an 
account  of  certain  experiments  which  were  j)erformed  with  a  view  to  designing 
a  simple  form  of  thermometer,  has  been  added  as  an  appendix. 
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Part  I. 

The  ACTION"  of  the  sun  on  fleas  and  the  fate  of  the  fleas  when 

EXPOSED  to  it. 

In  the  experiments  published  in  the  Bombay  Bacteriological  Laboratory 
report  for  1907,  it  was  shown  that  rags  if  spread  on  the  ground  in  thin  layers 
were  freed  from  fleas  in  three  hours.  In  these  experiments,  however,  the 
kind  of  ground  upon  which  the  rags  were  spread  was  not  regarded  as  of  any 
consequence.  This  is  an  important  point,  because  the  fleas  on  leaving  the 
clothes  must  jump  on  to  the  ground,  and  their  fate  will  therefore  depend 
upon  the  amount  of  shelter  they  can  find  there. 

In  the  following  experiments  the  question  has  been  treated  from  this  point 
of  view  and  observations  have  been  made  upon  the  different  ways  in  which 
fleas  behave  when  the  clothes  are  spread  out  on  different  kinds  of  ground. 
These  experiments  were  carried  out  on  trays,  and  in  the  first  of  these  (Ex.  I, 
page  17)  the  clothes  were  spread  on  the  floor  of  the  tray  alone,  which  had  been 
made  to  represent  a  hard  piece  of  ground  with  a  smooth  surface.  In  the  second 
series  (Ex.  II,  page  18)  the  floor  was  covered  in  the  one  case  with  sand,  and  in 
the  other  with  grass  and  leaves,  to  test  the  behaviour  of  the  fleas  when  the' 
clothes  were  spread  on  these  two  kinds  of  ground. 

The  procedure  was  briefly  as  follows  : — 

A  piece  of  ground  was  selected  in  the  most  sunny  part  of  the  compound, 
and  a  sun  shelter  roofed  with  asbestos  sheets  was  erected  over  it.  Both  the 
control  and  experimental  trays  were  placed  side  by  side  beneath  this  while  the 
experiment  was  being  prepared.  The  dhurries  were  first  spread  upon  the 
floors  of  the  trays,  and  the  same  number  of  fleas  were  put  on  each,  half  the 
total  number  being  placed  below  and  half  above  each  dhurrie.  The  thermo- 
meters were  then  placed  in  position  (in  the  first  experiment,  however,  the 
temperatures  were  not  taken).  After  a  sufficient  time  had  elapsed  to  allow 
the  fleas  to  become  accustomed  to  their  new  surroundings  the  experimental 
tray  was  drawn  out  into  the  sun,  the  control  tray  being  left  under  the  shelter. 
While  the  experimental  tray  was  in  the  sun  the  behaviour  of  the  fleas  in  it 
was  very  carefully  watched,  and  when  the  time  of  exposure  had  elapsed  the 
final  reading  of  the  thermometers  in  both  trays  was  noted  and  the  tray  was 
pushed  back  under  shelter  again.  The  dhurries  were  then  shaken  up  and  four 
guineapigs  were  placed  in  each  tray  to  capture  any  fleas  which  were  still  alive. 
At  the  end  of  three  hours  these  guineapigs  were  lightly  chloroformed  and 
searched  for  fleas,  and  the  total  number  found  on  them  was  recorded.  In  ex- 
periment I  (page  17)  the  experimental  tray  was  kept  in  the  sun  for  varying 
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lengths  of  time  so  as  to  find  out  the  exposure  which  had  the  strongest  effect  on 
the  fleas.  In  experiment  II  (page  18)  the  exposure  which  had  been  previously 
found  to  be  most  suitable  was  employed  throughout. 

As  soon  as  the  experimental  tray  was  drawn  into  the  sun  the  fleas  could 
be  seen  moving  off  the  uj)per  surface  of  the  dhurrie.  In  trying  to  escape  the 
glare  they  turned  their  heads  away  from  the  sun  and  travelled  towards  the 
side  of  the  tray  which  faced  them.  As  the  floor  of  the  tray  grew  hotter,  the 
fleas,  which  had  by  this  time  arrived  at  the  side,  began  to  die,  and  at  the  end 
of  seven  minutes  none  of  these  remained  alive. 

A  reference  to  Table  I  (page  17),  however,  will  show  that  this  exposure 
was  not  nearly  long  enough  to  kill  the  fleas  which  were  on  the  under  surface 
of  the  dhurrie,  and  it  was  found  that  the  tray  had  to  be  left  in  the  sun  for  45 
minutes  before  all  the  fleas  in  it  were  killed. 

The  majority  of  the  fleas  underneath  the  dhurrie  did  not  try  to  escape,  but 
were  found  dead  on  the  floor  of  the  tray  when  the  dhurrie  was  raised. 

The  results  which  were  obtained  by  spreading  the  clothes  on  sand  (Table 
II,  Nos.  1  and  2,  page  18)  were  much  more  marked. 

The  surface  of  the  sand  appeared  to  absorb  the  heat  of  the  sun  faster  than 
the  hard  surface  of  the  tray,  and  for  this  reason  any  fleas  which  jumped  off  the 
dhuitie  were  almost  immediately  killed.  At  the  end  of  the  experiment,  too, 
dead  fleas  could  be  seen  lying  on*the  sand  when  the  dhurrie  was  lifted  up, 
and  no  fleas  were  to  be  found  on  any  of  the  guineapigs.  The  fleas  were  care- 
fully watched  to  see  if  they  made  any  attempt  to  burrow  into  the  sand  to 
escape  the  glare  and  heat,  but  they  showed  no  inclination  to  do  so  at  any  time. 
In  fact  as  soon  as  they  reached  the  sand,  it  appeared  as  if  their  chief  object 
was  to  jump  off  it  again  as  soon  as  possible. 

In  the  experiments  in  which  the  dhurries  were  spread  on  leaves  and 
grass  (Table  II,  Nos.  3,  4  and  5,  page  18)  the  results  were  not  so  satisfactory. 
Those  fleas  which  could  be  watched  certainly  left  the  clothes  as  soon  as  they 
were  exposed,  but  they  immediately  dived  under  the  grass  and  so  obtained 
ample  protection  from  the  sun.  This  was  proved  by  the  fact  that  at  the  end 
of  45  minutes  exposure  many  of  them  were  recovered  on  the  guineapigs,  which 
had  been  put  in  the  tray  at  the  end  of  the  experiment.  The  fate  of  the  fleas 
beneath  the  clothing  appears  to  depend  on  the  amount  of  heat  which  is  deve- 
loped on  the  ground  underneath  the  clothes.  "When  the  temperatures  are  high 
(Table  II,  Nos.  1,  2,  3  and  4,  page  18)  aU  the  fleas  are  destroyed,  but  when  it 
is  comparatively  low  (as  in  No.  5)  a  large  number  of  them  are  able  to  escape. 
This  appears  to  show  that  the  heat  of  the  sun  is  the  factor  which  causes  the 
destruction  of  the  fleas.  The  high  temperature  which  is  obtained  underneath 
the  clothes  spread  on  sand  is  probably  due  to  the  fact  that  the  clothes  are  in 
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close  apposition  to  tlie  ground,  and  the  sand  is  therefore  able  to  absorb  the 
heat  without  much  difficulty.  When  lying  on  grass,  however,  the  clothes  are 
never  in  close  contact  with  the  ground  but  are  separated  from  it  by  a  space 
through  which  the  air  can  circulate  and  which  therefore  prevents  the  heat 
reaching  the  sm-face  of  the  ground.* 

The  conclusions  which  have  been  obtained  from  these  experiments  may 
be  briefly  summed  up  as  follows : — 

(i)  The  pulicidal  power  of  the  sun  appears  to  be  chiefly  due  to  the 
amount  of  heat  which  it  gives  off. 

{ii)  The  fate  of  the  fleas,  which  escape  from  clothes  exposed  to  the  sun, 
depends  on  the  nature  of  the  ground  upon  which  the  clothes  are 
spread.  On  hard  ground,  and  more  especially  on  sand,  the  fleas 
are  all  destroyed ;  on  grass  they  vnR  in  all  probability  be  able 
to  find  shelter  and  therefore  escape. 

[Hi)  The  time  of  exposure  necessary  to  destroy  all  the  fleas  is  about  45 
minutes  when  the  clothes  are  spread  on  hard  ground,  and  is  pro- 
bably somewhat  less  when  sand  is  employed. 

•  This  has  been  con'ohorated  by  observations  made  in  various  parts  of  the  Labovatoiy  compound.  The  tem- 
perature of  the  gi'ound  under  the  grass  is  seldom  above  95°  when  the  thennometer  reading  in  the  sun  is  130" 
or  over. 
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Paet  II. 

Experiments  carried  out  to  discover  the  most  practical  method  op 
using  the  sun  as  a  pulicidal  agent  for  flea-infested  clothing. 

The  conclusions  in  the  previous  section  show  that  clothes  can  be  readily 
freed  from  fleas  by  spreading  them  out  on  a  flat  surface  covered  with  a  layer 
of  sand  which  is  exposed  to  the  sun. 

The  practical  value  of  this  method  of  disinfection,  however,  will  entirely 
depend,  firstly,  upon  the  number  of  hours  per  diem  the  sun  will  be  able  to 
yield  a  sufficient  amount  of  heat  to  destroy  the  fleas  within  a  reasonable  length 
of  time  ;  and,  secondly,  upon  the  area  of  ground  which  will  have  to  be  covered 
-with  sand  to  prevent  the  escape  of  any  of  these  insects. 

It  has  already  been  shown  that  clothes  require  to  be  exposed  to  the  sun 
for  45  minutes  to  kill  all  the  fleas,  and  it  must  be  acknowledged  that  this 
period  is  well  within  the  limits  of  "a  reasonable  length  of  time." 

If,  therefore,  the  smallest  amount  of  heat  which  is  necessary  to  destroy 
the  fleas  in  45  minutes  is  discovered,  it  will  be  easy  to  calculate  the  probable 
number  of  hours  per  diem  daring  which  this  method  of  disinfection  can  be 
employed. 

The  experiments  which  have  been  performed  with  this  object  were  carried 
out  in  the  trays,  and  their  technique  is  precisely  the  same  as  that  of  the  ex- 
periments performed  in  the  previous  section.  The  differences  in  temperature 
were  obtained  by  making  the  exposures  at  various  times  of  the  day,  and 
although  it  was  obviously  impossible  to  arrange  that  each  successive  degree  of 
heat  should  be  tested,  a  good  series  of  temperatures  has  been  obtained. 

The  results  are  shown  in  Table  III  (page  19).  The  experiments  have  been 
ari-'anged  in  order  according  to  the  temperature  fouud  to  be  present  on  top  of 
the  carpet.  No  attentioa  has  been  paid  to  the  date  or  time  of  day  at  which 
•the  exposure  was  made.  With  a  few  exceptions,  however,  it  will  be  seea  that 
the  low  temperatures  were  obtained  early  in  the  morning,  and  the  higter  ones 
later  on  in  the  day.  The  time  of  exposure  in  the  experiments  carried  out 
earlier  in  the  year,  was  45  minutes,  in  the  later  ones  this  was  extended  to  one 
hour  to  allow  for  experimental  error.  A  glance  at  the  table  (Table  III,  page 
19)  will  show  that  the  temperatures  between  95°  and  112°  are  not  strong 
enough  to  destroy  all  the  fleas,  although  there  is  a  great  diminution  in  their 
numbers  in  the  two  last  experiments  which  registered  112°.  From  116° 
upwards  all  the  fleas  were  killed.  The  minimum  temperature,  therefore, 
lies  between  112°  and  116°, — probably  i  16°  itself,  because  in  two  experiments 
which  were  carried  out  by  gradually  heating  a  test-tube  coiitaining  fleas  by 
immersion  in  warm  water,  it  was  found  that  the  exact   temperature  at  which 
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they  were  killed  was  116*4°  on  the  first  occasion  and  118"4!°  on  the  second. 
If  we  add  4°  to  this  result,  which  has  been  obtained  experimentally,  and  call 
the  minimum  120°,  we  may  be  certain  of  obtaining  a  temperature  which  will 
be  fatal  under  the  most  practical  conditions. 

The  results  obtained  by  recording  the  temperatures  under  the  carpet  are 
also  interesting.  In  the  first  place,  it  will  be  seen  that  they  follow  the 
increase  of  the  temperatures  in  the  sun  fairly  closely.  Between  91°  and  118° 
they  are  somewhat  lower  than  the  corresponding  temperatures  above  the  carpet, 
but  above  this — with  only  one  exception — they  are  always  one  or  two  degrees 
higher  than  the  temperature  recorded  on  the  upper  surface. 

The  time  of  day  at  which  the  temperature  on  a  sandy  surface  will  reach 
120°  in  the  sun  will  vary  according  to  the  place  and  season  of  the  year,  and 
this  would  have  to  be  found  for  each  district.  In  Bombay  most  of  the 
experiments  show  that  this  temperature  was  reached  between  9  a.m.  and 
10  A.M.,  and  remained  until  about  6  p.m. 

The  area  of  ground  which  will  have  to  be  covered  with  sand  to  prevent 
the  escape  of  any  fleas  Avill  depend  upon  the  distance  the  fleas  are  able  to 
travel  on  the  sand  before  they  are  destroyed.  This  applies  to  the  fleas  on  only 
the  upper  surface  of  the  clothes,  those  underneath  do  not  concern  us  here 
because  it  has  already  been  shown  that  they  remain  under  the  clothes. 

The  experiments  which  have  been  performed  to  demonstrate  this  have 
been  carried  out  in  a  "  flea  park "  which  was  prepared  in  the  following 
way : — 

A  sunny  piece  of  ground  measuring  about  16  feet  square  was  cleared 
of  grass  and  rubbish,  and  its  surface  was  rendered  quite  smooth  by  scrubbing 
it  with  bricks  to  get  rid  of  the  roots  of  grass.  It  was  then  well  watered  and 
rolled  and  finally  cow-dunged.  After  this  a  3-inch  layer  of  dry  sand  taken 
from  the  sea-shore  was  spread  evenly  over  it.  Pour  sides  were  then  provided 
which  were  designed  in  such  a  way  that  they  formed  the  walls  of  a  square  that 
could  be  enlarged  or  diminished  at  will.  Each  side  -was  made  out  of  strips  of 
tin  12  feet  in  length  and  was  bent  as  in  fig.  I. 
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The  horizontal  piece  was  8  inches  wide,  the  larger  of  the  two  verticals  6 
inches  high,  and  the  smaller,  one  inch.  At  one  end,  the  larger  vertical  plate 
extended  beyond  the  rest  of  the  side  for  8  inches,  so  that  it  might  overlap  the 
horizontal  part  of  the  one  joined  to  it  at  right  angles.  The  four  sides  were 
placed  upon  the  ground  at  right  angles  to  each  other,  with  the  horizontal  j)art 
flush  with  the  ground  and  the  smaller  vertical  pushed  into  the  sand  so  as  to 
prevent  the  fleas  from  crawling  underneath 


At  the  angles  of  the  square  the  horizontal  part  of  one  lay  in  close  apposi- 
tion to  that  of  the  one  at  right  angles  to  it  (Fig.  II)  and  its  projecting  vertical 
part  reached  across  the  horizontal  part  and  so  joined  closely  with  the  vertical 
part  of  the  other.  The  small  gap  betweea  the  two  horizontals  was  covered 
over  with  a  narrow  strip  of  paper. 
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The  whole  when  spread  out  on  the  ground  had  the  appearance  seen  in 
Fig,  III  and  a  square  was  obtained,  the  area  of  which  could  be  altered  and 
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•which  was  surrounded  by  a  flat  tin  surface  8  inches  wide.  This  surface  was 
covered  with  a  mixture  of  white  paint  and  resin  just  before  any  experiment 
was  performed.  The  vertical  part  of  the  tin  sides  acted  as  a  shelter  which 
kept  the  sand  outside  the  enclosure  from  blowing  on  to  the  paint  when  there- 
was  any  wind. 

The  experiments  were  performed  by  making  the  square  of  such  a  size 
that  the  tin  sides  were  a  certain  known  distance  away  from  the  edge  of  the 
carpet.  The  rest  of  the  technique  was  the  same  as  that  of  the  tray  experi- 
ments. The  carpet  laid  in  the  middle  of  the  square  was  infested  with  fleas  by 
sprinkling  an  equal  number  on  both  sides  of  it.  The  exjDOsure  was  then 
made  and  at  the  end  of  an  hour  the  sides  of  the  tray  were  lifted,  taken  into 
the  shade  and  the  white  paint  searched  for  any  fleas  which  might  have 
jumped  on  to  it.  The  presence  of  fleas  on  the  paint  proved  that  these  insects 
were  able  to  travel  the  distance  between  the  edge  of  the  carpet  and  the  tins, 
and  in  the  rext  experiment  the  distance  between  the  two  was  increased.  At 
the  end  of  the  experiment  and  before  the  removal  of  the  tin  walls  four 
guineapigs  were  allowed  to  run  about  inside  the  square,  but  no  fleas  were 
ever  found  on  them  in  any  of  the  experiments.  All  experiments,  with  the 
exception  of  the  first,  which  was  a  trial,  were  made  at  the  time  of  day  most 
likely  to  give  a  maximum  temperature  of  about  120°  Fah. 

A  control  experiment  was  not  performed  with  this  series  as  it  did  not 
appear  to  be  necessary.  The  experiments  were  carried  out  in  two  ways,  in  the 
first  series  (Ex.  IV,  part  I,  page  20)  the  sand  on  the  square  was  kept  in  the 
shade  until  the  experiment  was  prepared  and  was  then  exposed  to  the  sun.  In 
this  way  the  method  was  tested  under  the  most  adverse  circumstances,  because 
the  sand  was  quite  cool  and  had  to  absorb  the  heat  after  the  experiment  had 
started,  thus  allowing  the  fleas  to  travel  over  a  greater  distance  than  they 
otherwise  would  have  been  able  to  do  had  the  sand  been  exposed  to  the  sun 
beforehand. 

The  second  series  (Ex.  IV,  part  II,  page  21)  the  square  was  prepared  in 
exactly  the  same  way  as  it  would  be  in  jiractice.  The  thermometers  were 
placed  on  the  surface  of  the  sand  in  the  early  morning  and  were  watched  until 
they  registered  a  temperature  of  120°.  The  .carpet  was  then  prepared  and 
placed  in  the  centre  of  the  square,  and  the  rest  of  the  experiment  was  carried 
out  in  a  similar  way  to  that  which  has  already  been  described.  In  the  first 
series  of  experiments  (Table  IV,  page  20),  it  will  be  seen  that  the  fleas  were 
able  to  travel  across  four  feet  of  sand  before  they  were  destroyed  by  the  heat. 
In  the  other  series  (Table  V,  page  21),  however,  when  the  sand  was  previously 
heated,  a  distance  of  two  feet  was  sufficient  to  destroy  all  the  fleas. 

These  experiments  demonstrated  very  clearly  the  way  in  which  the  fleas 
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always  travel  away  from  the  sun.  As  the  experiments  were  carried  out  in. 
the  early  morning  the  bearing  of  the  sun  was  always  a  few  degrees  south 
of  east,  and  the  fleas  were  always  found  in  largest  numbers  on  the  western 
side  of  the  square,  and  a  few  were  seen  on  the  northern  border,  while  none 
were  ever  found  on  the  east  or  south  borders.  Thus  in  one  of  these  experi- 
ments 36  fleas  were  seen  on  the  north,  67  on  the  west,  none  on  the  east  and 
none  on  the  south  ;  and  on  several  occasions  the  western  border  was  the  only 
one  on  which  any  fleas  were  discovered. 


Part  III. 


Experiment  with  Resais  (Cotton  Qfilts). 

The  experiments  witli  the  resais  had  unfortunately  to  be  performed  just 
before  the  monsoon  broke  in  Bombay,  with  the  result  that  many  of  the  ex. 
periments  were  spoilt  owing  to  the  frequent  overclouding  of  the  sun  during 
the  exposures. 

The  experiments  were  j)erformed  on  trays  the  floors  of  which  were 
covered  with  sand,  and  are  merely  a  repetition  of  several  described  in  part  I 
of  the  report.  Ihe  resais  were  made  of  cotton  cloth  stuffed  with  cotton  wool 
and  measured  4  feet  X  3  feet  and  were  If  inches  thick. 

In  the  first  series  of  experiments  (Ex.  V,  part  I,  page  22),  the  resais 
were  not  turned  during  the  exposure,  and  it  will  be  seen  that  in  one  or 
two  cases  the  heat  of  the  sun  was  unable  to  penetrate  their  whole  thickness  and 
reach  the  fleas  on  their  under  surface.  To  overcome  this  difficulty  a  second 
series  of  experiments  (Ex.  V,  part  II,  page  23)  was  carried  out  in  which 
both  sm'faces  of  the  resai  were  exposed  in  turn  to  the  sun,  and  the  result 
obtained  by  this  method  was  quite  satisfactory,  as  no  fleas  could  Ije  found 
alive  after  any  of  the  exposures. 

It  was  suggested  that  the  fleas  might  burrow  into  the  substance  of  the 
resai  and  thus  obtain  shelter.  In  some  of  the  experiments,  therefore,  a  flap 
was  cut  on  the  upper  surface  and  a  thermometer  and  a  small  bag  of  fleas  was 
placed  half-way  between  the  upper  and  lower  surfaces  in  the  middle  of  the 
cotton  wool.  At  the  end  of  the  exposure  the  fleas  were  examined  and  were 
all  found  to  be  dead,  while  the  temperature  in  the  centre  was  always  far  in 
excess  of  the  temperature  in  the  sun ;  in  one  experiment  reaching  as"  high 
as  158°  (Table  VII,  part  II,  page  28).  The  fleas  on  the  surface  of  these 
resais  were  watched  also  to  see  if  they  made  any  at  tempt  to  burrow  into  the 
cotton  wool  when  they  jumped  on  to  it,  but  they  never  showed  any  inclina- 
tion to  do  so. 

We  may,  therefore,  conclude  that  padded  clothing  and  resais  can  also  be 
disinfected  by  this  method,  but  they  must  be  turned  over  several  times  during 
the  hour. 

The  experiments  which  have  been  described  above  show  that  the  sun 
makes  a  very  efficient  disinfectant  for  flea-infested  clothing,  and  that  it  is  at 
once  simple  to  use  and  free  from  exj)ense.  It  may  be  of  use,  therefore,  to 
draw  up  a  series  of  rales  which  ought  to  be  observed  when  clothes  are  to  be 
disinfected  by  this  method.. 

D  2 
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Rules  for  disinfection  of  clothing  by  exposure  to  the  sun. 

(1)  The  ground  which,  is  to  be  used  for  the  purpose  should  be  so  chosen 
that  the  isun  will  be  able  to  shine  on  it  for  the  whole  of  each 
day.  It  should  not  be  near  any  houses,  trees,  etc.,  which  woidd 
be  able  to  cast  a  shadow  on  it  while  it  is  in  use. 

•(2)  It  should  be  flat  and  devoid  of  grass  or  stones,  or  anything  which 
would  afford  shelter  to  the  fleas. 

(3)  It  should  be  entirely  covered  with  a  smooth  layer  of  fine  sand 
which  should  be  at  least  3  inches  deep. 

■{4)  The  surface  temperature  of  the  sand  must  be  at  least  120°  Fahren- 
heit (49°  Centigrade)  before  the  clothes  are  spread  out  upon 
it.  If  the  ground  is  to  be  used  every  day  for  as  long  a  period 
as  possible  the  thermometer  should  be  laid  on  the  sand  in  the 
early  morning,  and  as  soon  as  it  has  reached  120°  Fahrenheit 
the  process  of  disinfection  may  be  commenced.  This  may  be 
carried  on  until  the  surface  temperature  falls  below  120°  F. 

(5)  The  clothes  should  be  spread  evenly  on  the  ground  in  a  single  layer, 

if  possible. 

(6)  They  should  be  left  in  the  sun  for  one  hour.    Padded  clothing, 

such  as  resais  and  thick  coats,  should  be  turned  over  once  or 
twice  during  the  exposure,  so  that  each  part  of  them  may  be 
directly  exposed  to  the  sun  for  some  of  the  time. 

(7 )  No  clothes  should  be  placed  within  3  feet  of  the  edges  of  the  sand. 

(8)  The  whole  area  should  be  fenced  in  so  as  to  prevent  animals  stray- 

ing over  it  while  the  process  of  disinfection  is  being  carried  out. 
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APPENDIX. 


Experiments  made  to  deoise  a  sin  pie  kind  of  thermometer  which  will  always 

register  120°F. 

While  carrying  out  the  experiments  it  ocsurred  to  ns  that  a  simple  form  of 
thermometer  might  be  designed  for  this  method  of  disinfection,  by  exposing 
to  the  sun  a  glass  capsule  CDutaining  a  wax  having  a  melting  point  of  120°P. 
An  instrument  of  this  sort  would  lessen  expsnse  by  obviating  the  necessity  for 
keeping  a  real  thermometer,  and  would  be  much  less  likely  to  be  broken  by  the 
class  of  people  who  would  probably  use  it. 

It  was  found  that  the  ordinary  vaseline  in  the  laboratory  when  heated  in  a 
test-tube  melted  at  116^F.  and  that  it  required  the  addition  of  two  parts  hard 
paraflB.n  (with  a  melting  point  of  13S'2^F  )  to  every  three  parts  vaseline  to  pro- 
duce a  mixture  which  melted  at  120°P.  Samples  of  this  were  put  in  small 
glass  capsules,  made  from  ordinary  glass  tubing,  and  were  exposed  to  the  sun 
with  a  thermometer  beside  them.  The  wax,  however,  showed  no  signs  of  melt- 
ing till  122°  was  reached  and  was  not  entirely  fluid  till  125°  was  registered.  It 
was  apparent  that  this  was  due  to  the  fact  that  the  glass  tubing  delayed  th  e 
trfinsmission  of  the  heat  and  that  the  proper  wax  would  have  to  be  discovered  by 
■direct  experiment.  A  series  of  capsules  were,  therefore,  made  and  were  filled 
with  samples  of  : — 

(i)  Pure  vaseline. 

(ii)  Vaseline  3  parts,  hard  paraffin  1  part. 

(iii)  Vaseline  4  partS;  olive  oil  1  part. 

(iv)  Vaseline  and  olive  oil  equal  parts. 

(v)  Vaseline  3  parts,  olive  oil  2  parts. 

and  a  large  number  of  exposures  were  made  with  these  using  a  thermometer  as 
a  control.  The  results  are  embodied  in  Table  VIII  (page  26).  There  was  a 
little  difficulty  in  deciding  the  exact  melting  point  of  the  wax,  and  two  obser- 
vations were,  therefore,  made  on  each  occasion.  The  temperature  was  first 
noted  when  the  wax  showed  distinct  signs  of  being  soft  by  sliding  slowly  up 
and  down  inside  the  capsule  when  the  latter  was  tilted.  The  second  observa- 
tion was  made  when  the  wax  had  become  altogether  fluid  and  flowed  up  and 
down  the  tube  quite  easily.  It  will  be  seen  that  pure  vaseline  gave  the  best 
results  for  the  purpose  in  view.  All  the  other  preparations  were  either  too 
high  or  too  low.  The  vaseline  became  soft  almost  always  at  120°,  and  never  at 
.a  lower  temperature,  and  became  fluid  between  122°  and  125°.     It  is  safe  to 
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say,  therefore,  that  the  softening  of  the  vaseline  would  be  a  safe  indication  that 
the  process  of  disinfection  could  be  commenced. 

Of  course  the  temperature  at  which  the  vaseline  would  melt  would  differ 
somewhat  according  to  the  thickness  of  the  glass  tubing  which  contained  it, 
and  possibly  also  with  the  brand  of  vaseline  used.  The  kind  of  tubing 
employed  in  the  above  experiments  was  that  used  for  making  Pasteur's  pipettes, 
and  any  variation  due  to  differences  in  size,  etc.,  could  easily  be  corrected  by 
carrying  out  a  few  experiments  similar  to  those  described  above. 


Table  VIII. 


Date. 

State  of 
wax. 

Vaseline, 
pure. 

VaBehne  o 

parts  ; 
Paraffin  1 
part. 

Vaseline  4 ; 
Olive  oil  1. 

Vaseline  2 ; 
Olive  oil  2. 

Vaseline  3  ; 
OUve  oil  2. 

I3th  April  1910 

Soft  . 

120° 

122° 

Fluid 

122° 

125° 

118° 

14th  April  1910 

Soft  , 

120° 

125° 

Fluid 

125° 

127° 

]5th  April  1910 

Soft  . 

120° 

120° 

114° 

114° 

Fluid 

122° 

1?2° 

116° 

116° 

16th  April  1910 

Soft  . 

120° 

122° 

114° 

... 

114° 

Fluid 

125° 

126° 

120° 

117° 

19th  April  1910 

Soft  . 

125° 

12C° 

120° 

116° 

Fluid 

127° 

129° 

122° 

118° 

•iOth  April  1910 

Soft  . 

120° 

122° 

115° 

114° 

Fluid 

123° 

125° 

118° 

118° 

2l8t  April  1910 

Soft  . 

120° 

122° 

115° 

115° 

Fluid 

122° 

126' 

120° 

117° 

27th  April  1910 

Soft  . 

128° 

125° 

114° 

115° 

Fluid 

125° 

127° 

118° 

120° 

28tli  April  1910 

Soft  . 

121° 

122° 

114° 

114° 

Fluid 

123° 

127° 

119° 

118° 

29tli  April  1910 

Soft  . 

122° 

125° 

116° 

114° 

Fluid 

3  25° 

127° 

120° 

117° 

27 

Table  VIII — contd. 


Date. 

State  of 
wax. 

Vaseline, 
pure. 

Vaseline  o 
parts ; 

Vaseline  2 
parts. 

Vaseline  4  ; 
Olive  oil  1. 

Vaseline  2 ; 
Olive  oil  2. 

Vaseline  3 ; 
Olive  oil  2. 

30th  April  1910 

Soft  • 

122° 

123° 

114° 

115° 

Fluid 

126° 

125° 

118° 

117° 

3rd  May  1910  . 

Soft  . 

123° 

124° 

114° 

... 

114° 

Flaid 

125° 

127= 

116° 

118° 

4th  May  1910  . 

Soft  . 

121° 

122° 

114° 

114° 

Fluid 

124° 

124" 

117° 

116° 

5th  May  1910  . 

Soft  . 

120° 

122° 

114° 

115° 

Fluid 

123° 

125° 

118° 

117° 
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